Abstract: This research reports on two pepper species cultivated in a pilot plot and protected under white shade nets during the 2014, 2015 and 2016 growing seasons. The goal of the study was to compare crop yield, water productivity, and economic productivity between sorghum and corn as extensive crops (ECs), and habanero peppers and bell peppers as intensive crops (ICs). The average values of crop yield, water productivity, and economic productivity were 4.8 Mg (Tons) ha −1 , 1.1 kg m −3 , and 722.00 USD ha −1 for sorghum; and 7.0 Mg ha −1 , 1.2 kg m −3 , and 1390.00 USD ha −1 for corn. Average values of 45.0 Mg ha −1 , 7.3 kg m −3 , and 85,900.00 USD ha −1 ; and 72.5 Mg ha −1 , 10.4 kg m −3 , and 66,390.00 USD ha −1 were obtained for habanero peppers and bell peppers, respectively-both were cultivated during 2014, 2015 and 2016. According to the climate conditions of this region, crop water requirements for pepper crops are 41.66% higher than for grain crops; nevertheless, the on-farm water application efficiencies are 92% and 58% respectively. Consequently, 11.97% more water is used for ICs than for ECs. The economic profitability for farmers was 72 times higher for intensive crops than for extensive crops.
Introduction
The green revolution brought with it mass production of staple cereals (wheat, rice, and corn) to solve the problem of feeding a growing population [1, 2] . Worldwide, countries have devoted natural resources to cropping those grains, at times without proper planning to avoid indiscriminate losses of biodiversity [3] [4] [5] . Despite the profit gained from agricultural development in the last 65 years, problems such as a lack of equity, stability, and sustainability still remain major concerns for Latin American farmers. The advance of scientific knowledge focused on agricultural purposes (crop genetics, water-use efficiency, fertilizers, technological devices, intelligent algorithms, and so forth), as well as prices becoming more affordable to consumers, are without doubt intrinsic benefits of advances made during this time. However, land-use change, soil degradation, soil salinity, chemical pollution, groundwater depletion, and climate change emerge as the consequences of irrational cultivation [6] [7] [8] [9] [10] [11] .
While agriculture can improve the health, economics, and energetic aspects of society, it may also result in critical consequences for the environment, either through emissions of greenhouse gas or reduction in the quantity and quality of water and soil [12] [13] [14] [15] . According to several studies [16] [17] [18] , higher rates of damage to the environment tend to occur in regions with low per capita income. Such For pepper crops, a detailed study to compute the gross irrigation depth was completed, which included daily estimations of crop water requirements using the Food and Agriculture Organization (FAO) of the United Nations method, and drip irrigation scheduling through CropWat [33] .
Materials and Methods
The experimental work was conducted during the 2014, 2015, and 2016 growing seasons at a commercial farm (La Gloria Ranch) (Figure 1 ) located in the RBID, 35 km east of the city of Reynosa, Mexico (25 • Table 1 ). The texture and hydraulic parameters were performed following the Mexican norm NOM-021-RECNAT-2000, which establishes the methodology to classify agricultural soils [34] . The climate is semiarid with minimum and maximum mean monthly temperatures of 10.5 • C (December) and 34.6 • C (August), respectively. The average annual precipitation is approximately 697.0 mm, of which 40% occurs between September and October. Regarding evaporation, the mean yearly value is around 1750.0 mm-2.5 times higher than the rainfall rate.
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The experimental work was conducted during the 2014, 2015, and 2016 growing seasons at a commercial farm (La Gloria Ranch) (Figure 1 ) located in the RBID, 35 km east of the city of Reynosa, Mexico (25°59′54′′ N latitude; 97°57′40′′ W longitude; altitude 20 m above sea level). The soil is clay loam (average texture of 40.7% sand, 35.1% clay, and 24.2% silt) with 2.0% organic matter content, a field capacity of 0.40 m 3 m −3 , and a permanent wilting point of 0.22 m 3 m −3 . Such characteristics were obtained from 18 samples uniformly distributed along an experimental plot of 4.5 ha, established within the previously described commercial farm to depths of 0.30 m and 0.60 m ( Table 1 ). The texture and hydraulic parameters were performed following the Mexican norm NOM-021-RECNAT-2000, which establishes the methodology to classify agricultural soils [34] . The climate is semiarid with minimum and maximum mean monthly temperatures of 10.5 °C (December) and 34.6 °C (August), respectively. The average annual precipitation is approximately 697.0 mm, of which 40% occurs between September and October. Regarding evaporation, the mean yearly value is around 1750.0 mm-2.5 times higher than the rainfall rate. The experimental plot was divided into three subplots (60 × 250 m) under the same agronomic conditions (e.g., fertilization depending on the requirements of each type of pepper). All subplots were netted to protect crops from environmental hazards and pests. Two experimental plots were sown with bell peppers, while the other one was sown with habanero peppers. The distance between rows was 0.80 m, and the average seedling density was approximately 45,000 plants ha −1 . Both pepper crops were suggested by the National Research Institute for Forestry, Agriculture, and Livestock of Mexico (INIFAP) as cultivars suited for irrigated land in that region of Mexico. Automated weather stations (Vantage Pro2 Davis Instruments) located inside every subplot were used to measure daily rainfall, daily average wind speed at 2 m above the ground surface, daily average relative humidity, daily minimum and maximum air temperatures, and daily total solar radiation. These data were used to estimate reference evapotranspiration (ET0) by the United Nations Food and Agriculture Organization (FAO) Penman-Monteith method [35] . The experimental plot was divided into three subplots (60 × 250 m) under the same agronomic conditions (e.g., fertilization depending on the requirements of each type of pepper). All subplots were netted to protect crops from environmental hazards and pests. Two experimental plots were sown with bell peppers, while the other one was sown with habanero peppers. The distance between rows was 0.80 m, and the average seedling density was approximately 45,000 plants ha −1 . Both pepper crops were suggested by the National Research Institute for Forestry, Agriculture, and Livestock of Mexico (INIFAP) as cultivars suited for irrigated land in that region of Mexico. Automated weather stations (Vantage Pro2 Davis Instruments) located inside every subplot were used to measure daily rainfall, daily average wind speed at 2 m above the ground surface, daily average relative humidity, daily minimum and maximum air temperatures, and daily total solar radiation. These data were used to estimate reference evapotranspiration (ET 0 ) by the United Nations Food and Agriculture Organization (FAO) Penman-Monteith method [35] . OMC is the organic matter content; FC is the field capacity; PWP is the permanent wilting point.
Net Corn Crop Water Requirements (CWR) and Irrigation Scheduling
A drip irrigation system was installed to irrigate the 1.5 ha subplots during all three spring-summer seasons. Net crop (habanero pepper and bell pepper) water requirements were computed as follows:
where CWR (mm) is the water required by the crop to compensate for the loss of water through evapotranspiration; ET c (mm) is the crop evapotranspiration (Equation (2)); and PEF (mm) is the effective precipitation. Equation (1) was applied on a weekly basis. The values for ET c and PEF were estimated as follows:
where ET 0i (mm) is the reference evapotranspiration for day i; K ci is the crop coefficient for day i; t is the first day of the considered period; and T is the last day of the considered period. To estimate the crop coefficients, the FAO methodology was followed. 
where P (mm) is the precipitation for the considered period, and ET 0s (mm) is the reference evapotranspiration for the considered period. The irrigation gross depth (IGD; mm) was calculated as follows:
where E a is the application efficiency. For all seasons, irrigation water was applied by a drip irrigation system with 0.20 cm spacing between the emitters. Model 6000 Aqua-traxx tape, manufactured by The Toro Company (El Cajon, CA, USA), was used in the experiment. The system operated at 55 kPa of hydraulic pressure. For pressures between 55 kPa and 70 kPa, when driplines were used, six preliminary experimental tests were performed to determine the coefficient of uniformity (CU) and the low-quarter distribution uniformity (DU) [36, 37] of the water application under two different emitter discharges (0.75 L/h, and 0.85 L/h), following the criteria outlined by Merriam and Keller [38] . CU values of 93%, 92%, 96%, 94%, 96% and 93%, and DU values of 89%, 90%, 96%, 92%, 90%, and 90%, were obtained for the emitter discharges. Taking into account the CU and DU indicators, an average application efficiency of 92% was claimed by the tape producer. Regarding the E a used for corn and sorghum, CONAGUA [39] carried out a study to modernize the RBDI; among the main findings, an average application efficiency of 58% was established. This value was taken into account to quantify the irrigation gross depth for both of the extensive crops that were analyzed.
Statistical Analysis
Levene's test was used to assess the equality of variances (homoscedasticity) between average values in ICs and ECs in three performance indicators (grain yield, water productivity and economic productivity). Once the homoscedasticity was evaluated, the Student's t-test was performed; the t-test compares two means and evaluates how significant the differences are. The null hypothesis assumed that the values between ICs and ECs are similar; otherwise, the alternative hypothesis establishes that those values are different. All statistical analyses were performed in SPSS Statistics 17.0 ® [40] [41] [42] .
Results and Discussion
The meteorological conditions inside of the cover subplots for the 2014, 2015, and 2016 crop seasons are presented in Figure 2 , as the averages of the data reported for the three weather stations used in the study. Air temperature averages were 23. The main difference in ET 0 among seasons was observed during July and August, when ET 0 rates were much higher. This difference was mainly attributable to the higher VPD values observed during this time period (Figure 2 ). The increase in ET 0 and VPD observed for the summer period for each year was caused by higher temperatures recorded during this period. Precipitation in summer is low at the study area, leading to higher temperatures and a slight reduction of the humidity of the air. The values of the net crop water requirements (CWR, Equation (1)), irrigation gross depth (IGD, Equation (4)), and effective precipitation (PEF, Equation (3)), estimated for each year of experimentation, are presented in Table 2 . The CWRs for extensive crops are less than for intensive crops (the average CWR is around 41.66% higher for ICs than ECs). This difference is attributed to the phenological properties of ECs and ICs [35] . However, these conditions change when the application efficiency factor is included to consider water losses during irrigation events; the average value of the IGD was 11.97% higher for ECs than ICs because irrigation methods used to irrigate corn and sorghum were 34% less efficient than those used to irrigate habanero peppers and bell peppers in the experimental subplots [39] . This is consistent with the findings reported by Bautista-Capetillo et al. [43] . In accordance with the noted results, rational agricultural water use requires the execution of technical and economical strategies regarding irrigation methods, in order to increase on-farm efficiency without compromising crop production. The production of corn and sorghum represents 14.47% and 2.24%, respectively, of the agricultural growth domestic product (GDP), which makes them two of the key crops for economic development in the region. In Mexico, corn production accounts for over two-thirds of the gross value of agricultural production [44] [45] [46] . Crop yield, water productivity, and the economic productivity of extensive grains were obtained from agricultural and food information provided by the Mexican [35] .
The values of the net crop water requirements (CWR, Equation (1)), irrigation gross depth (IGD, Equation (4)), and effective precipitation (PEF, Equation (3)), estimated for each year of experimentation, are presented in Table 2 . The CWRs for extensive crops are less than for intensive crops (the average CWR is around 41.66% higher for ICs than ECs). This difference is attributed to the phenological properties of ECs and ICs [35] . However, these conditions change when the application efficiency factor is included to consider water losses during irrigation events; the average value of the IGD was 11.97% higher for ECs than ICs because irrigation methods used to irrigate corn and sorghum were 34% less efficient than those used to irrigate habanero peppers and bell peppers in the experimental subplots [39] . This is consistent with the findings reported by Bautista-Capetillo et al. [43] . In accordance with the noted results, rational agricultural water use requires the execution of technical and economical strategies regarding irrigation methods, in order to increase on-farm efficiency without compromising crop production. The production of corn and sorghum represents 14.47% and 2.24%, respectively, of the agricultural growth domestic product (GDP), which makes them two of the key crops for economic development in the region. In Mexico, corn production accounts for over two-thirds of the gross value of agricultural production [44] [45] [46] . Crop yield, water productivity, and the economic productivity of extensive grains were obtained from agricultural and food information provided by the Mexican Government [47] for the period 2014-2016. The average yearly values as the result of the spring-summer and fall-winter crop seasons were 4.8 Mg ha −1 , 1.1 kg m −3 , and 722.00 USD ha −1 for sorghum; and 7.0 Mg ha −1 , 1.2 kg m −3 , and 1390.00 USD ha −1 for corn (Table 3) . Table 4 Table 5 shows the results from the Levene's test, which indicate that the IC and EC values have equal variances for the grain yield and economic productivity indicators, and different variance for water productivity with 10% significance. Once the homoscedasticity was evaluated, the t-test was performed ( Table 6 ). The results indicate that there are important differences among the means of the three performance indicators with a significance of p < 0.001. To perform the t-test in the water productivity indicator (equal variances not assumed), a correction was done by SPSS. The performance indicators (grain yield, water productivity, and economic productivity) were significantly (p < 0.001) different between ICs and ECs; approximately 10 times for the crop yield, 9 times for water productivity, and 72 times for economic productivity. It should be noted that pepper yields exceeded the average yield for the climatic conditions of the Tamaulipas region (30.0 Mg ha −1 and 60.0 Mg ha −1 for habanero peppers and bell peppers, respectively) [48, 49] . This yield increase is in agreement with results obtained in previous research [43, 50, 51] where variables that condition the crop growth to satisfy crop water requirements were rigorously monitored. Regarding the productivity extents (Table 3) , the quantity of water per unit of produced crop pays better dividends for ICs than ECs, an aspect that by itself stands out as a better use of water resources; however, the economic competitiveness that pepper crops represent in the commercial market compared with grain crops should not be ignored. On the other hand, it is noted that on-farm water application plays a significant role in the sustainability of this natural resource [52] [53] [54] . Areas cultivated with grain crops that need a certain volume of water have to apply around 42% more water to be assured of adequate development along all crop phenological stages, while for pepper crops only 8% of the water used can be considered as a loss (Table 2 ). These variances in application efficiency should influence the discussion regarding whether water resources are really being used rationally. Of course, both cropping systems are essential in a developing country such as Mexico, but there are substantial differences between the systems. In particular, consideration should be given to the relationship between the vast expanses of land required to cultivate corn or sorghum in order to generate economic profitability for farmers, with the consequent financial incentive to establish hydraulic and agronomic schemes that contribute to more efficient use of water. In light of these results, agricultural water resource management implies the use of stricter policies to be put into practice by users; nevertheless, their implementation requires the economical, technical, and regulatory support of government.
Conclusions
Increases in water requests among various water users demands effective strategies for rationing this resource without compromising the production of commodities. In the Mexican agricultural sector, application efficiency still prevails as one factor of great importance, especially in extensive cropping systems where economic benefits for producers hinder the implementation of infrastructure to irrigate more efficiently. This work reports on the comparison between water consumption and crop production for extensive and intensive agriculture in the Bajo Río Bravo Irrigation District in the northeast of Mexico. According to the climate conditions of this region, crop water requirements for pepper crops (an intensive cropping system) are 41.66% higher than for grain crops (an extensive cropping system); nevertheless, the on-farm water application efficiencies are 92% for pepper crops and 58% for grain crops. Consequently, 11.97% more water is used for corn and sorghum crops than for habanero pepper and bell pepper crops. Despite both cropping systems being indispensable for economic development in Mexico, the economic profitability for farmers was 72 times higher for intensive crops than for extensive crops; an important difference between the average values for three performance indicators was found in accordance with the statistical tests. Because of this, our research provides new information about cropping systems, as well as agricultural performance indicators to contribute to the sustainability of water use.
